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Contact Pressure: 15 psi 
Time At Temperature: 10 min - 3 Cycles 
Relative Displacement: 0.25 in. 
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SUMMARY OF FILLER STRIP TEST RESULTS 
FILLER STRIP 
IDENTIFICATION 
NUMBER 
FRACTURE 
LOAD 
(LB) 
10 
10 
10 
1 
26 
6 
16 
650 
575 
620 
560 
750 
380 
750 
612 LB. AVERAGE 
DESIGN LOAD CRITERIA 400 LB. 
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EFFECT OF 
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SINGLE ELEMENT HYDROGEN CORROSION TEST SUMMARY 
OCTOBER 1, 1964 TO AUGUST 15, 1965 
Test 
1A5 
lA lO 
IBIO 
1B5+5 
1B15 
1B20 
1B30 
ICIO 
1C1(H-10 
1C20 
1C30 
Misc. 
Total 
WANL 
168 
1 
211 
165 
5 
131 
5 
33 
1 
37 
4 
35 
796 
WANHES 
2 
82 
194 
3 
129 
18 
1 
11 
17 
457 
Tota 
170 
1 
293 
359 
8 
260 
23 
33 
2 
48 
4 
52 
1,253 
TEMPERATURE CONDITIONS 
lA = surface temperature 4600 R, int. temp. = 5150 
IB = surface temperature 4450 R, int. temp. = 4900 
1C = surface temperature 4300 R, int. temp. = 4660 
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GAS HYDROGEN 
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OAD 00 8S 
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lOAD 3&00LSS 
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CLUSTER DEVELOPMENT TEST RESULTS 
2 0 0 LBS 
TYPICAL KEY FAILURE MODES 
tEACTION END 
TENSILE STRENGTH 
TEST OF THREADED 
GRAPHITE ELEMENTS 
5/16 24 28 BUNDLING 
PRESSURE 10 PSI 
TEST E 
7 6 0 LBS 
TYPICAL THREAD TEST FAILURE MODES 
.HOLLOW (SHORT) TIE ROD 
THREADED ,^ INTERLOCK PINS16) 
/ CENTER ELEMENT / 
OFFSET 
fOoATRlP^ 
SUPPORTED DESIGN 4150 LBS AT 4500°R 
SHORT 
TIE ROD 
TIE ROD (LONG) 
INTERLOCK PINS(6) 
DRAWING OF COLD-END SUPPORTED DESIGN 
TYPICAL FAILURE MODE FULLY 
BONDED DESIGN 6550 LBS AT 4500°R 
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TYPICAL FAILURE MODE 
FOR HOT-END PIN DESIGN 
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0 RING SEAL } 
CENTRAL ELEMENT 
INSTRUMENT 
INSTALLATION REDESIGN 
COATING OF 
CENTRAL BORE 
I PYROFOIL S E A L | -
> N R X A3 
- • N R X A3 
> N R X A4 
• • N R X A4 
NRX A3 
FLOW SCRAM 
INVESTIGATION 
COUNTER FLOW 
TIE RODS 
•NRX A3 
NRX A6 
2 AND 4 HOLE 
CONTROL ELEMENTS • • N R X A4 
TANTALUM CARBIDE 
IMPREGNATED ELEMENTS • • N R X A4 
HOLLOW TIE ROD 
INSTRUMENT INSTALLATION •NRX A5 
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ELEMENT 
TIE ROD 
7-13 LB. LOAD SPRING 
'O ' -RING 
PYROTILE 
TIE ROD LINER TUBE 
'O'-RING SEAL USED IN NRX-A3 
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F O R C E FORCE 2 0 T O 3 2 Lb O P E R A T I N G FORCE 
SLEEVE 
M E T A L W E D G E S 
TIE R O D 
TIE R O D 
LINER TUBE 
H U N T W E D G E - F O I L SEAL 
TIE R O D 
ROLLED FOIL 
SPREAD FOIL A N N U L A R SEAL 
TIE R O D 
LINER TUBE 
C O N E S H A P E D A N N U L A R SEAL USED I N N R X - A 4 
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THERMOCOUPLE INSTRUMENTED COMPONENTS EFFECT ON STRENGTH 
FUEL ELEMENTS WITH T/C SLOTS 
PLAIN SLOTTED REDUCTION % 
TENSILE, PSI 4600 3840 17 
FLEXURE, PSI 4420 3330 25 
R E G U L A R U N C O A I E D 
S U P P O R T B L O C K 
. T / C ( N O T I N P L A C E 
D U R I N G TEST) 
- T I E R O D 
I N S U L A T I N G C U P 
T U B E L I N E R A D A P T E R 
I N S U L A T I N G W A S H E R 
. S U P P O R T W A S H E R 
I N S U L A T I N G W A S H E R 
STANDARD MODIFIED 
ULTIMATE FRACTURE LBS 4330 4340 
^ 
HOLLOW INSTRUMENT TIE RODS 
INCONEL 718 
SOLID TIE ROD HOLLOW 
TENSILE STRENGTH PSI 
YIELD STRENGTH PSI 
ELONGATION-% 
CYCLE LIFE AT 
800+200 LBS. 
214,000 
173,000 
10.2 
3x10* 
THESE RODS DISQUALIFIED FOR NRX 
229,000 
200,000 
5.6 
0.65x10* 
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COUNTERFLOW TIE TUBE GEOMETRY DEVELOPMENT 
OPEN FLARE 15° 
30° 
ANNEALED ^^° 
OPEN FLARE 15° 
15° 
BRAZED 
CRIMPED 
PLUG 
PLUG 
7'/,° 
15° 
30° 
7'/2° 
15° 
30° 
390 LBS. 
655 LBS. 
606 LBS. 
685 LBS. 
669 LBS. 
637 LBS. 
582 LBS. 
644 LBS. 
567 LBS. 
487 LBS 
567 LBS. 
532 LBS 
TIE TUBE STRUCTURAL EVALUATION OF GEOMETRY EFFECT 
LOADING ADAPTER 
i°J SEC. A-A 
(C) CRIMPED PLUG 
(b) BRAZED PLUG 
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ARC SUPPRESSOR 
HJJTIE ROD 
CHANNEL FLOW-
HELIUM ATMOSPHERE 
T / C - I THERMOCOUPLES LENGTH OF FUEL ELEMENT 
T / C - 2 THERMOCOUPLES LENGTH OF PYROGRAPHITE 
T / C - 3 THERMOCOUPLES LENGTH OF TUtE LINER 
T / C - 4 THERMOCOUPLES LENGTH OF TIE ROD 
T / C - S THERMOCOUPLES TUBE LINER EXIT GAS 
T / C - « THERMOCOUPLES TIE ROD BUtlON 
ORON NITRIDE INSULATOR 
SUPPORT BLOCK 
T /C-5 
T / C - » 
RADIANT HEATING CENTER FUEL ELEMENT 
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MEAS 
NO 
T-750 
T-763 
1-799 
T-7&0 
T-768 
T-766 
T-769 
T-765 
T-775 
T-755 
RADIUS 
INCH 
0 
8 
12 
12 
12 
12 
16 
16 
16 
16 3 
EXTRAPOLATED 
PEAK TEMP °R 
2525 
2305 
2305 
2295 
2285 
2238 
2155 
1975 • 
1905 • 
1885 • 
PEAK TEMP FROM 
NTO DATA TAPE "R 
2430 
2470 
2340 
2430 
2230 
2300 
2130 
, 55 k. 
21700 21710 21720 21730 
CRT - SECS 
21740 21750 
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NRX-A3 ERE? TIE ROD EXIT GAS TEMPERATURES DURING SCRAM 
Page 71 
O 
INEERING MECHANICS LABORATORY 
H? 
3000 
3800 
2600 
« J 400 
-J 2200 
; 2000 
Z 1800 
i: 1600 
1400 
1200 
1000 
c 
^ \ 
^-.^''''^ \ 
y/^ \ 
y^ N. 
y ' ^ * * ' * " * - > * . . ^ 
y^ 
Y^^ 
-
1 3 3 4 5 6 7 a 9 • 
TiME .^/'SECONOS • 
TRANSIENT TEST 
ABOVE 
MELTING TEMP 
TRANSIENT TEST 
BELOW 
MELTING TEMP 
1 ^
imm 
BUN IIME-^SECONOS 
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DAMAGE 
TEST NO. TUBE LINER TEMP R CARBIOING ' MEtTtNG 
GAS TEMP MAX LINER TEMP 
2800 3210 
EXCESSIVE COMPLETE 
CQ 
CO 
Tie Rod Liner Tubes After Exposure 
to Simulated NRX-A3 Environment 
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INTERSTITIAL CORROSION 
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•. 
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KNOWLEDGE ON 
INTERSTITIAL GAPS 
NRX-A2 
ANALYTICAL TOOL FOR 
INTERNAL PRESSURE 
AND FLOW DISTRIBUTIONS 
ANALYTICAL TOOL FOR 
INTERSTITIAL CORROSION 
PYROGRAPHITE 
EXTERNAL COATING 
NIOBIUM CARBIDE 
EXTERNAL COATINGS 
DECREASED ELEMENT 
POROSITY 
METHANE OR HELIUM 
INJECTION 
• • 
ALL REACTORS 
ALL REACTORS 
ALL REACTORS 
NRX-A4 
NRX-A5 
NRX A6 
NRX A6 
• H i M M • • • 
NRX-A3 
CONTINUATION 
OF ANAYTICAL 
AND EXPERIMENTAL 
UNDERSTANDING 
• • 
ALL 
REACTORS 
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-. 
1 
OUTFR CAN 
CQ 
VI 
0 HOUSING 
0 PIN 
0 SEAL 
0 C A P 
0 PLUG 
0 LOWER 
0 LOWER 
PLUG 
SEGMENT 
0 INLET TUBE 
0 INSULATION 
@ HEATER 
0 OUTER CAN 
@ NUT 
@ CLAMP 
0 UPPER PLUG 
© PIN 
(72) UPPER 
V3J SPECIMEN 
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(^ GRAPHITE 
^ - ^ SUPPORT BARREL 
HYDROGEN 
FLOW PATH 
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INTERSTITIAL CORROSION TESTS .OM-INCH ORIGINAL GAP THICKNESS 
SURFACE REGRESSION AFTER 30 MIN. RUN AT 3521°R INLET AND 3539 R EXIT 
INLET PRESSURE - 208 PSIG 
ROW RATE - .0000926 LB/SEC HYDROGEN 
GAP LENGTH - 2-INCHES 
GAP WIDTH = 1-INCH 
WEIGHT LOSS = 2 . 3 6 3 GMS 
INLET OF .006-INCH GAP 
TEST FIXTURE AFTER TEST 
(Q 
a 
EXIT OF .006-INCH GAP 
TEST FIXTURE AFTER TFST 
INTERSTITIAL CORROSION TEST .004-INCH ORIGINAL GAP THICKNESS 
SURFACE REGRESSION AFTER 27 MIN RUN AT 3443''R INLET AND 3485°R EXIT 
INLET PRESSURE 
aOW RATE 
GAP LENGTH 
GAP WIDTH 
WEIGHT LOSS 
= 222 PSIG 
= .0000973 LB/SEC HYDROGEN 
= 2-INCHES 
- 1-INCH 
« 1.966 GMS. 
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GRAPHITE SET SCREW 
THREADED 
PLUNGER CAVITY 
MOLYBDENUM PLUNGEi^ 
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0 8 16 
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SAMPLE PROBES AT 45° AZIMUTH 
(INJECTION AT 13.5" RADIUS 7.2" FROM TOP) 
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16 24 
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4 8 12 16 20 
CORE RADIUS (INCHES) 603766A 
ESTIMATED STREAMLINE MAP 
PLUGGED CORE TRACER GAS TEST SERIES 
CORE EFFECTIVE GAP EXPERIMENTS 
INTERELEMENT FLOW RATE 
EFFECT OF BUNDLING ON FLOW 
1 — \ — I — I — r 
3 4 5 6 7 8 9 10 I I 
LATERAL B U N D L I N G PRESSURE PSI 
0 01 
100 5 0 0 1000 5 0 0 0 
PAP - ( INLET PRE5SURE)(AXIAL PRESSURE DROP) 
ORIFICE FLOW METER 
INTER-ELEMENT 
PRESSURES 
B U N D L I N G 
s a BAND 
^ ^ ^ ^ t ^ °''^^^^^^^^ 
.^CORE 
SUPPORT 
CORE EFFECTIVE GAP SCHEMATIC 
0 10 2 0 30 
PRESSURE-PSiG 
INTERELEMENT PRESSURE 
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PROFILE 
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ORIFICE FLOW METER-
INTER-ELEMENT 
PRESSURES 
ax3= 
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noi-
0 0 
UJ 
100-
90 -
80 --
70-^ 
60 
1 MIL 
— 1.3 MIL 
ANALYilL-
POROSITY 
CONSTANT 
0.911 X 10" 
0.911 X 10" 
I 
FLOW RATE 0.13 LB/SEC 
RANGE OF TEST PRESSURES 
FLOW RATE 
0.0072 LB/SEC 
0.0107 LB/SEC 
CORE STATION - INCHES 
CORE EFFECTIVE GAP TEST COMPARISON OF TEST DATA 
AND ANALYSIS EFFECT OF INTERELEMENT GAP 
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2.78 MILS 
2.78 MILS 
ANALYSIS 
POROSITY CONSTANT 
0.272 X 10~^ 
0.272 X 10" 
TEST DATA 
FLOW RATE 
0.1815 LB/SEC 
0.0641 LB/SEC 
FLOW RATE 0.13 LB/SEC 
I RANGE OF TEST PRESSURES 
10 20 30 
CORE STATION - INCHES 
40 50 
CORE EFFECTIVE GAP TEST COMPARISON OF TEST DATA 
AND ANALYSIS EFFECT OF ELEMENT PERMEABILITY 
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no h 
100 h 
1/1 
a:: 
Z) 
Ln 
00 
UJ 
90 
70 
60 
GAP 
1.3 MILS 
2.78 MILS 
ANALYSIS 
POROSITY CONSTANT 
-10 
0.272 X 10" 
TEST DATA 
FLOW RATE 
0.0107 LB/SEC 
0.1815 LB/SEC 
FLOW RATE 0.13 LB/SEC 
RANGE OF TEST PRESSURES 
80 h 
20 30 
CORE STATION - INCHES 
CORE EFFECTIVE GAP TEST 
COMPARISON OF TEST DATA AND ANALYSIS 
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CORE STATION - INCHES 
PLUGGED CORE TEST COMPARISON OF TEST DATA 
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0.545 MIL GAP ANALYSIS 
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O TEST DATA - 45° AZIMUTH 
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^ TEST DATA - 285° AZIMUTH 
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200 
100 
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CORE STATION - INCHES 
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TEST DATA AT 45" AZIMUTH 
TEST DATA AT 165° AZIMUTH 
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SEAL PRESSURES 
HYDROGEN 
TO 20 30 40 50 
CORE STATION - INCHES 
PLUGGED CORE TEST COMPARISON OF TEST DATA 
AND ANALYSIS PRESSURE DISTRIBUTION AT 17.5 INCH RADIUS 
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T SPAN OF TEST DATA 
O AREA AVERAGED REGRESSION 
ANALYSIS CURVES ARE LABELLED 
AS TO ORDER OF REACTION ASSUMED 
(METHANE, ACETYLENE) 
-METHANE ONLY - FIRST ORDER 
UO 
AXIAL DISTANCE - INCHES 
INTERSTITIAL CORROSION TEST 
COMPARISON OF TEST DATA AND ANALYSIS 
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OUTER REFLECTOR TRANSIENT THERMAL GRADIENTS 
NRX-Al NRX-A2 NRX-A3 
Q 
CO (t 
o 
o 
ESTABLISH 
PRE-CHILL AND 
RAMP RATE 
LIMITATIONS 
NRX-A2. ESTABLISH RAMP RATE 
LIMITATIONS 
NRX-A3. MACHINE 
CONTROL 
DRUM CAN 
NRX-A4 
REDESIGN BEARING 
HOUSING SPIGOT 
NRX-A2, 
ENLARGED BORE 
FOR 
CONTROL DRUM 
NRX-A2. 
NRX-A6, 
THERMAL 
BARRIER 
DESIGN 
NRX-A4, ESTABLISH DRUM 
LENGTH LIMIT TO 
PREVENT 
WELD FAILURE 
DESIGN WITH 
BALANCED 
COOLING 
NRX-A4. 
i 
NRX-A5. 
L A B O R A T O R Y 
TEST SETUP 
D R U M SURFACE 
AFTER 
L A B O R A T O R Y 
TEST 
Q 
CQ 
D R U M SURFACE 
AFTER A - 3 TEST 
CONTROL DRUM REFLECTOR SECTOR RUB TEST 
6 0 3 4 8 3 
60 h-
\ 
FU)W RAMP - A3 IP-IY 
LAB TEST FLOW RAMP 
A-3 DRUM CONFIGURATION 
AB TEST FLOW RAMP 
I-
.090 
.080 
.070 
.060 
.050 
.040 
.030 
.020 (~ 
.010 
10 20 30 40 
TIME - SECOND 
50 60 
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RANGE OF 
ESTIMATED BOW 
NO. 2 DRUM - A3 TESTS 
AB TEST BOW 
A-3 DRUM CONFIGURATION 
-LAB TEST BOW DRUM 
WITH THERMAL BARRIER 
X 
10 20 30 40 
TIME - SECOND 
NRX-A3 EP-tV TEST 
50 60 
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THERMAL BARRIER ELEMENTS 
TEST RIG 
THERMAL BARRIER INSTALLED 
CONTROL DRUM BOW TESTS 
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FACILITY PROGRAM PLANS ADDITIONAL NEEDS 
SINGLE ELEMENT 
CORROSION FURNACES 
1. PARALLEL LOOPS FOR COOLANT 
AND ATMOSPHERE TO GIVE 
WIDE VARIATION IN FLOW AND 
GAS COMPOSITION. PARTS 
AVAILABLE — BUILD AND 
INSTALL WHEN MANPOWER IS 
AVAILABLE. 
2. DEVELOPMENTAL FURNACE WITH 
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END CLOSURES AND TRANSITION 
AND BETTER ACCESSIBILITY. 
MEASURE TEMPERATURE AND MAKE 
VOLTAGE PROBE MEASUREMENTS 
AT 5 INCH INTERVALS. 
CORROSION FACILITY 
WITH PREHEATER SECTION 
TO ELIMINATE ELECTRICAL 
INTERACTIONS 
CRYOGENIC HYDROGEN 
SUPPLY TO PROVIDE 
CORRECT TEMPERATURE 
DISTRIBUTION FOR CENTER 
HEX TESTS AND TIE TUBE 
TESTS 
3. WALTZ MILL VAPORIZER INSTALLED. 
OPERATIONAL IN OCTOBER. 
4. SECOND FURNACE AND HEAT 
EXCHANGER IN PARALLEL. 
FACILITIES IMPROVEMENT 
FACILITY 
CLUSTER CORROSION 
FURNACE 
PROGRAM PLANS 
CLUSTER TESTING BUT WITH 
LIMITED LOADING CAPABILITY. 
ADDITIONAL NEEDS 
REDESIGN OF ENDS TO 
PROVIDE MORE LOADING 
FLEXIBILITY. 
NEED ADDITIONAL POWER 
TO OPERATE AT FULL POWER 
AND FULL FLOW. CAN RUN 
ONLY 80% FLOW AT FULL 
TEMPERATURE. 
MODIFY END CLOSURES TO 
PERMIT ADDITIONAL ROW 
OF ELEMENTS IN PERIPHERAL 
CORROSION RIG. . . 
MULTIPLE CLUSTER 
FURNACE 
NEED FACILITY TO EVALUATE 
PERIPHERAL DESIGN CANDIDATE 
AND MODIFICATIONS. 
FACILITIES IMPROVEMENT 
-a 
Q 
CQ 
FACILITY 
HIGH TEMPERATURE 
MECHANICAL LOAD 
PROGRAM PLANS 
ADDITIONAL LOADING 
FURNACE WITH MORE 
VIEWPORTS AND IMPROVED 
LOADING CAPABILITY 
ADDITIONAL NEEDS 
LOADING FURNACE WITH 
HIGHER HYDROGEN 
CAPABILITY 
FRICTION FURNACE ADDITIONAL FACILITIES TO 
ACCOMMODATE LARGER 
SPECIMENS, PROVIDE BETTER 
MEASUREMENTS OF 
TEMPERATURE, NORMAL LOAD, 
FRICTION FORCE AND 
SPECIMEN MOTION 
* 
ffWJWBJSBHSBS]^ /^Astronuclear 
* i H P i ^ ^ ^ W ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ \ ~ / Laboratory 
PERIPHERAL CORROSION 
A. SINGLE CLUSTER PERIPHERAL CORROSION SIMULATION 
i. PYROSTRIP 
i i . HOT BUFFER 
i i i . METHANE GENERATING PERIPHKY 
B. ENCAPSULATED SPRING COOLING 
C. HOT CAVITY MASS TRANSFER 
D. HOT BUFFER LOCKUP EVALUATION 
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E. NRX-A6 SEAL SEGMENT FRICTION TESTS 
F. NRX-A6 LATERAL SUPPORT SYSTEM STRUCTURE INTEGRITY 
G. NRX-A6 LATERAL SUPPORT AND SEAL MODEL LEAKAGE TESTS 
H. NRX-A6 REFLECTOR SEAL LEAKAGE 
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FUEL ELEMENT AND SUPPORT BLOCK CORROSION 
A. SINGLE ELEMENT DEVELOPMENT CORROSION TESTS 
BETTER REACTOR SIMULATION 
IMPROVED CHUCKS 
PINHOLE SIMULATION 
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INTERSTITIAL CORROSION 
A. CORROSION IN LONG NARROW GAPS WITH REACTOR 
TEMPERATURE DISTRIBUTION 
B. CORROSION IN SHORT GAPS - ISOTHERMAL 
C. SIMULATE WELDING OF ELEMENTS OBSERVED IN NRX-A3 
D. CORE GAP AND PRESSURE DISTRIBUTION VS. BUNDLING. 
LOOK AT EFFECTS OF PINHOLING, LARGE GAPS, OVER-
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CENTRAL ELEMENT AND TIE ROD INTEGRITY 
A. CORROSION TEST OF NRX-A4 CONFIGURATION 
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THERMAL SHOCK AND THERMAL GRADIENT 
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DESIGN SUPPORT 
A. MECHANICAL TESTS TO EVALUATE COMPONENTS SUCH 
AS CLUSTER NUTS, TIE RODS, INSTRUMENTATION SEAL 
BLOCKS, ETC. 
B. RESONANCE OF REACTOR O N ETS ASSEMBLY 
C. MINOR SEAL TESTING 
PROBLEMS ARISING FROM REACTOR TEST RESULTS 
A. MUST HAVE FACILITIES AND CAPABILITY TO RESPOND 
RAPIDLY TO MAJOR PROBLEMS 
i. NRX-A3 FLOW SCRAM 
i i . SUPPORT BLOCKS 
B. NEED MARGIN TO EVALUATE DESIGN CHANGES 
C. DAY-TO-DAY PROBLEMS NEEDING TEST RESULTS 
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